In this paper a generalized Synchronized Hybrid Petri Nets (SHPN) model for the control of repetitive tasks is presented. It is assumed that the process has both discrete and continuous components but integrated in repetitive tasks series. Generalized SHPN model describe this hybrid system with N degree of repetitive tasks. The proposal is customized to an assembly/disassembly process of a mechatronics line (A/DML), served by a wheeled mobile robot (WMR) equipped with robotic manipulator (RM). For the A/DML model, the assembly is a conventional process with a specific typology of discrete system events (DES) while the disassembly process (served by WMR), is assimilated with a hybrid process. The hybrid aspect, identified only on the disassembly levels is determined by the mobile robot states with discrete and continuous variation characteristics. The hybrid control system takes into account the distribution of the necessary tasks to perform the disassembly of components by using the robot synchronization with the A/DML. Taking all these aspects into consideration, an optimization approach of time cycle for repetitive processes is proposed.
Introduction
This paper proposes a generalized Synchronized Hybrid Petri Nets (SHPN) dedicated for the control of a hybrid repetitive process. The tool SHPN is dedicated to control modeling of hybrid systems composed of repetitive tasks series. These repetitive components we define as the elementary operations. The model of entire process requires using specific tools dedicated to discrete or continuous DES model, but adapted for repetitive and synchronized tasks description.
The proposal will be tested for a reversible assembly/disassembly manufacturing line (A/DML) served by wheeled mobile robot (WMR) equipped with robotic manipulator (RM).
In this paper, the concepts of assembly/disassembly tasks are illustrated in SHPN model complies with discrete approach for the elementary assembly/disassembly operations and the continuous approach for displacement of WMR. The considered system is a hybrid one and requires specialized tools for modeling, as in ).The hybrid model is elaborated using the dedicated modeling tool, HPN, described in and (Radaschin, et al., 2011) . Combining the SED model of the analyzed system with the cyclic and continuous time of the WMR with RM results a SHPN model. This paper is organized as follows: the description of A/DML served by WMR with RM and SHPN model, in generalized and customized forms, are presented in Section 2; the generalized and customized SHPN formalism is presented in Section 3. Section 4 is reserved to the optimization of the time cycle corresponding to the control of repetitive processes; some conclusion remarks can be found in Section 5.
General Structure of the A/DML
Served by WMR with RM.
The system of reversible assembly/disassembly line served by robotic manipulators mounted on mobile platforms has a dynamics determined both, by events (events supplied by the control sequences of the automation system) and by the interaction with the WMR, which represent the continuous time component of the system.
The assembly/disassembly line is served by a WMR equipped with RM during of disassembly phase. The objective is to make the assembly line reversible, i.e. to allow disassembly. Moreover, the mobile robot is used to carry the disassembled component to proper storage warehouse.
The assembly/disassembly operation can by decomposed into a sequence of elementary assembly tasks coupled in parallel with positioning tasks of work-piece along conveyor, as in (Baldwin, et al., 1991; Choi, et al., 1998; Ganget, et al., 2005) and (Iacob and Popescu, 2013 In Figure 2 is represented an elementary TPN model corresponding to an assembly operation. During disassembly process one can identify a repetitive sequence associated to a single disassembly operation and service assistance of WMR equipped with RM. All of these can be modelled with a SHPN, called elementary SHPN, as is represented in Figure 3 .
Since the last disassembly operation is no longer necessary line starting to a next disassembly, the SHPN model is different from others and is shown in Figure 4 . 
-warehouse locations, which are identically with the assembly locations. Obviously, 
distance travelled by the mobile robot in the j stage of disassembly.
-indexes a continuous place of the robot states, Pcr ; a continuous transition of the robot, Tcr and a discrete transition of disassembly process Tdd . -
-indexes a discrete place of the robot states, Tdr .
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The formalism of SHPN model
The SHPN model associated to A/DML is a triplet
Sync is a function from the set of the discrete disassembly transitions to the set of external events
where e is the always occurring event (it is the neutral element of the monoid 
is a finite, not empty, set of places with 
where:
Pda is the set of discrete places for assembly process;
Pdd is the set of discrete places for disassembly process;
Pdr is the set of discrete places for the T is the product of its flow rate r U by its ED -enabling degree. Suitable definitions 1 and 2, for the general case, it can write: 
SHPN model customized for HERA & Hortsmann mechatronic line
General approach will customize ( Figure 9 ) to an A/DML didactic mechatronics line, HERA & Horstmann, shown in Figure 6a and 6b, which makes assembling a piece of five components, shown in Figure 6c and Figure 6d . The WMR, Pioneer 3-DX, is with two driving wheels and one rear wheel, has its own odometric system and an on-board embedded microcontroller is able to read the position information and to send it, over a WI-FI link, to a remote PC where runs the according to a specific protocol and send the data to PLC of the assembly line.
In Figure 7 is presented the schematic representation of the HERA & Hortsmann didactic platform destinated to a particular assembly/disassembly product comprised of 5 parts, served by WMR with RM. WMR carries the component from the place where disassembly occurs to the appropriate storage. 
Time Cycle Optimization for Disassembling Operations
Within the e_SHPN network, the weight of the arcs 
